. ATR/FT-IR spectra of pristine PSf substrate and PSf substrates modified with PDA/PEI, TA/PEI and ZIF-8/PEI interlayers, respectively. Figure S6 . ATR/FT-IR spectra of the polyamide-based membranes formed on the substrates modified with the interlayers on the substrates or with the macromolecular additives in the solution of PIP.
Figure S7
. Three-dimension spectra measured by in-situ FT-IR spectroscopy for the polyamide formation as a function of interfacial polymerization time, with different modified interlayers on the substrates or macromolecular additives in the solution of PIP.
S6

UV-vis analysis of diamine diffusivity
The diffusion of diamine monomers were measured by UV-vis absorption spectra, using an ultraviolet spectrophotometer (Shimadzu, UV 2450, Japan). By taking 3 mL hexane solution approximately at the hexane/water interface, diamine concentration and diffusivity were measured by ultraviolet analyses and acyl chloride monomer was not added in the hexane phase for the diffusion time for 10 min. Initial diffusivity D 0 and the corresponding D are calculated by the following equation (Eq S1):
where J is the diamine diffusive flux, dm, A and dt are the diamine mass, contact area and diffusion time, respectively. D 0 is the initial diffusivity, C  and X  are the concentration change and diffusion distance (approximately~10 -5 cm). Figure S8 . UV-vis absorption spectra of diamine monomer diffusion from water to hexane (the organic solution is hexane without acyl chloride monomer) for the diamine diffusion time of 10 min and the calibration stand curve of absorbance vs. diamine concentration. Table S1 . According to UV-vis adsorption spectra, the concentration and diffusivity of diamine monomers were determined, which were calculated by equation (S1) 
Adsorption of the diamine monomers measured by TOC analyzer
The PSf substrate and substrates with the modified interlayers were cut in to square pieces of 1 cm 2 area and immersed in diamine solution for 10 minutes. The equilibrium adsorption amount were obtained after 24 h diamine release in 30 mL DI water and total organic carbon of diamine monomers were quantified by a TOC analyzer (TOC, GE Sievers InnovOx ES, USA). 
where E PIP-molecule is the system total energy, E PIP and E molecule are the energies of the PIP and other molecules, respectively. The binding energy is the combination of attractive and repulsive forces between these molecules. 
 
where the corresponding diffusivity D is calculated from the empirical formula, in which D 0 is the initial diffusivity, ϕ is the polyamide volume fraction and α typically varies in the range of 1 < α < 3
S11
Determination of the polyamide layer thickness by FT-IR spectroscopy
Thickness of the polyamide layer was probed by FT-IR with an ATR accessory (Ge crystal, 45°i ncident angle), using the equations (Eq S4 and S5) [from Ref S3]:
where d p is the penetration depth,  is the wavelength of infrared radiations, n 1 and n 2 are refractive indices of the crystal and the sample. Since n 1 = 4.0 (Ge crystal), n 2 = 1.50 (polyamide sample) and θ = 45°, d p = 0.066 . The characteristic absorbance at 1640 cm -1 was transformed into the polyamide layer
where T is the thickness, A b (T) and A b (0) are the absorbance of a band at the layer thickness of T and 0, respectively. Table S3 . 
